In this paper, we investigated some dynamical behavior of family of tent maps. Such dynamical properties include fixed points and their stability, period orbits, visualize the iterations using a kind of plot called a cobweb plot and demonstrate bifurcation diagram for r T . Furthermore, detecting the presence of chaos in the discrete dynamical system r T is investigated. Finally, we develop Matlab computer programs that reflect the results interpreting such dynamical behavior.
INTRODUCTION
Consider the parameterized tent map, which can be described piecewise by (with respect to slopes r and r − ) and has the points (0,0) and (1, 0) in its graph.
This map is known as tent maps and often introduced as one of the first examples of chaotic maps literature for nonlinear discrete dynamical systems. Its dynamics exhibit various features are commonly used to identify chaotic systems (see for instance [5] ). Chaos theory describes complex motion and the dynamics of sensitive systems. Chaotic systems are mathematically deterministic but nearly impossible to be predicted. Chaos is more evident in long-term systems than in short-term systems. Behavior in chaotic systems is a periodic, in other words, no variable describes the state of the system that undergoes a regular repetition of values. A chaotic system can actually evolve in a way that appears to be smooth and ordered; however, chaos refers to the issue of whether or not it is possible to make accurate long-term predictions of any system if the initial conditions are known to an accurate degree [8] .
In addition to the sensitivity condition, there is a mixing condition called transitivity and a regularity condition called density of periodic points [2] . Deterministic chaos can be described by deterministic map, such as tent map r T as follows: starting from any point between 0 and 1, the trace of the map would still lie in the range [0, 1] of the tent map, which is a absorbing set. Also, each point inside [0, 1] will be often visited arbitrarily closely and infinitely by any 'typical' solution, hence it is also an attractor [2] .
The purpose of this paper is to investigate the dynamical behavior of the family of tent maps, we will limit ourselves to the case 0 2 r < ≤ [3] . For certain parameter values, the mapping undergoes stretching and folding transformations and displays sensitivity to initial conditions and periodicity (see [1] and [6] ).
The tent map is studied in the mathematics of dynamical systems. Because of its simple shape, the tent map shape under iteration is very well understood. And despite its simple shape, it has several interesting properties [10] .
The paper is organized as follows; The first section is the introduction and the second section describes the dynamical behavior for this discrete dynamical system r T such as fixed points and their stability and period orbits followed by section three, which presents cobweb plots. Section four demonstrates period doubling and obtains the bifurcation diagram of r T , for the parameter 0 2. r < ≤ The dramatic bifurcation that occurs at 1 r = will be explained. The results will be obtained using Matlab computer programs. One of these programs is to visualize the iterations using a kind of plot called a cobweb plot. Sketching the bifurcation diagram of r T , for the parameter 0 1 r < ≤ is by using another Matlab program. Fixed points will show up as a single point, a periodic orbit as several points, and a chaotic orbit as a band or several bands of points.
Section five presents the results that are detecting the presence of chaos in the tent maps r T and examining sensitivity to initial conditions; it is one of the dynamical properties of strange attractors. Results and discussions will be displayed. Finally, in the last section some concluding remarks will be highlighted.
FIXED POINTS AND PERIODIC ORBITS
Consider an iteration = for all n [7] For the tent map, this implies that ( ) r n n
T x x
= , for all n . Graphically, the fixed points can be found by identifying intersections of the map ( ) r T x with the line x y = , see [3] . 1/2 r < < , 1/ 2 r = and 1/ 2 1 r < < . Finally, we will study 1 T , which is the original tent mapT and which has some very interesting features, we shall follow [3] . 
The graph in Figure 2 .1(a) shows that 0 is the only fixed point of r T . Since 0 1/2 r < <
, it follows from the definition of r T that if 2
is bounded and decreasing and by the continuity of r T , the sequence converges to the fixed point 0. Therefore, 0 is an attracting fixed point whose basin of attraction is [0,1] . 
we know that 2/ 3 is the second fixed point of T . T have, respectively, four and eight fixed points. ThusT has two period-2 points and six period-3 points, which we could evaluate by solving the equations ( )
is periodic underT iff x is a rational number of the form / m n where m is an even positive integer and p is an odd positive integer with p m< .
Proof. If n ∈ Z
Therefore, the periodic points underT are the solutions of 
Since m is even, 
COBWEB PLOTS
In this section, we are going to introduce a very helpful graphical view of the iteration process called cobweb plot [9] . The cobweb plot makes use of a plot of the mapping and a plot of the reference line y x = . From these two curves one may construct graphically an iteration sequence. We construct the plot first and then explain it. We do this for the case of three iterations. The Matlab program 3 (with file functent.m) which does this is listed in the Appendix. Here the starting value of x is 0.23, the number of iteration is 3, repeat count for mapping (the level of map composition) and at the parameter 1 r = . Figure 3 .1 shows a cobweb plot of three iterations for the tent map. The starting value is x = 0.23. Starting at that value on the x-axis, we move vertically upward until we hit the graph of cobwebtent(x). The y-value at that point is the value of the first iterate. Now we move horizontally until we hit the reference line y x = . The x-coordinate of that point is the value of the iterate. Next we move vertically until we reach the graph of cobwebtent(x), see program 3. The y-coordinate of that point is the second iterate. We repeat the steps to get the third iterate. Now let's use program 3 to look at a few typical events. We begin by reducing r to a value of1/ 3 , for which we have a single stable equilibrium. We then construct the cobweb plot of the approach to this equilibrium. . This shows nicely the approach to the origin. and iterations is 10) and look at a periodic orbit. In a way we are cheated by starting on the orbit (see Figure 3. 3). Let's do this again, but this time we start off the orbit (here 1, r = the starting value of 0.4 x = and the iterations is 10). Now we see the transient approach to the orbit (see Figure 3 .4). This is a chaotic orbit for the tent map. This is the typical result for the typical initial condition when r exceeds1/ 2 . For special choices of initial conditions, we can land on one of the unstable periodic orbits.
BIFURCATION DIAGRAM
In this section, we are going to explore the concept of bifurcations and how Matlab can help us visualize these changes. We will begin with some basic definitions, then examine some plots, and finally create a bifurcation diagram.
A bifurcation is a fundamental change in the nature of a solution(see [3] and [10]). When studying dynamical systems, we often want to know when the system undergoes a bifurcation.
A bifurcation diagram is a kind of plot that shows the value of the changing parameter, r in our case, on one axis and the solution to the system on the other axis. Our next goal is to produce the bifurcation diagram of the 'tent' maps r T . Figure 4 .1 Often we want to know how system behavior depends on parameters. In the case of the tent map r T , we have a single parameter r , and we have already known that there is a stable equilibrium for 1 2 r l < . We also know that for 1 2 r l > , there are two unstable equilibria, some unstable periodic solutions, and, as we have just seen, chaotic solutions. We can get an overview of how all of this depends on the parameter r by a bifurcation diagram. That is a plot in which the abcissa is the value of r , and on the ordinate we plot all of the x-values from an orbit for that value of r . Fixed points will show up as a single point, a periodic orbit as several points, and a chaotic orbit as a band or several bands of points. The program which does this is the Matlab Program 4 in the Appendix. Here (see Figure 4 .1) the number of values calculated for each parameter value is 1000 points, and the first 100 points are discarded. The values are calculated beginning with initial point 0.23 x = . The range of parameter variation is 0 to 1. The number of parameter values for which this is done is 1000 points while the number of tent map values is 800 points. Starting with the value 0, and considering 1000r values in the r range {0,1}.
SENSITIVE DEPENDENCE TO INITIAL CONDIDTIONS AND CHAOS
Let I be an interval, and suppose that :
f I I → (signifies that the domain of f is I and the range is contained in I ). Then f has sensitive dependence on initial conditions at x , if there is an 0 > ε such that for each 0 > δ , there is a y in I and a positive integer n such that δ < − y x and
If f has sensitive dependence on initial conditions at each x I ∈ , we say that f has sensitive dependence on initial conditions on I [3] .
The "initial conditions" here refer to the given, or initial, points x and y . Sensitive dependence on initial conditions says that f has sensitive dependence if y arbitrarily close to any given point x in the domain of f , there is a point and an nth iterate that is farther from the nth iterate of x than a distance ε . This has practical significance because in such instances higher iterates of an approximate value of x may not resemble the true iterates of x . Thus computer calculations may be misleading.
According to the well accepted definition of Devaney [2] , a one-dimensional map of the form
2) is chaotic if it: (i) f has sensitive dependence on initial conditions (s.d.i.c.), and (ii) f has a dense set of periodic orbits, and (iii) f has at least one dense orbit (' f is topologically transitive').
The following results detect the presence of chaos in the discrete dynamical system r T , see [3] and [2] . Basically the reason thatT has a sensitive dependence on initial conditions is that if 2
, so that distances between pairs of numbers in (0 , 1/2) or in
(1/2 , 1) are doubled byT .
